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T he effects o f  deer m ouse immigration into buildings in response to horse grazing were 
exam ined  during this study. Treatm ent (grazing) and control (no grazing) pastures were 
created to sim ulate interactions between peridomestic (in or around buildings or 
structures in close proxim ity to hum ans) and sylvan settings. Each pasture w as 0.6 ha in 
size and contained two small buildings. Tw elve experim ental trials were conducted  from 
April th rough June 2005; O ctober through N ovem ber 2005; February 2006; June through 
A ugust 2007; and M ay through July 2008. D uring  these trials, m ouse m ovem ents  into 
buildings were monitored using a passive integrated transponder (PIT) tag transceiver 
and pit tags on  individual mice in control and treatment (grazed) pastures for 9 days. A 
total o f  76 individual mice entered the buildings, w ith 63 individual mice entering the 
buildings before grazing, 42 during grazing, and 32 after grazing. In the control pasture, 
45 individuals entered buildings, with 39 mice entering the build ings in the period before, 
24 during, and 18 after. In the treatment pasture, a total o f  31 individual mice were 
recorded with 24 individuals entering before, 18 during, and 14 afterward. Results 
revealed no significant tw o or three w ay  interaction between Tim ing , Food or Grazing. 
Regardless o f  trea tm ent (grazing or food), the average num ber o f  mice entering the 
buildings was greatest before horses were introduced, fewer w hen  horses were present, 
and the least after horses were removed. There was no significant difference betw een  the 
num ber o f  female and m ale mice that entered the buildings. There w as a significant 
d ifference betw een the num ber o f  female and m ale m ovem ents  during  and after grazing. 
M ore male m ovem ents  into buildings occurred than female m ovem ents  w hile  horses 
w ere present, and m ore  female entrances occurred than male entrances after horses were 
removed.
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T able  1. The effects o f  grazing by horses and food availability in buildings on  the 
num ber o f  individual mice.
T able  2. Z-Test analysis on the num ber o f  male and female mice to enter buildings 
during Period 1, 2, and 3.
T able  3. N um ber o f  females and males that entered buildings during  Periods 1, 2, and 3 
for the control and treatment, as well as combined.
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m ovm ents  for Periods 1, 2, and 3 on the control and treatment sites.
Figure 1. Total mean num ber o f  unique individual mice to enter buildings during Period 
1, 2, and 3 on the control and treatment pasture.
Figure 2. M ean num ber o f  unique individual m ice in control and treatm ent pastures to 
enter buildings during Period 1, 2, and 3.
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INTRODUCTION
Hantaviruses are rodent-borne pathogens that can cause acute human illnesses. In 
the United States, the deer mouse (Peromyscus maniculatus) is the principal reservoir for 
Sin N om bre virus (SNV) (family Bunyaviridae, genus Hantavirus), which causes 
Hantavirus pulmonary syndrome (HPS) (Childs et al 1994, Nichols et al. 1993). SNV 
was first discovered in the United States in 1994 in the Four Corners region o f  the US. 
HPS is a serious illness with a fatality rate o f  -3 5 %  (CDC). In order to develop 
recom m endations to reduce human exposure to SNV, it is necessary to thoroughly 
understand the infection cycle in the host species and their interactions with hum ans. In 
m any HPS cases, hum an exposure to SNV has been linked to contact with infected 
rodents and/or their excreta in and around buildings (peridomestic settings) (A rm strong et 
al. 1995). Thus, a thorough understanding o f  the factors that cause sylvan deer mice to 
enter buildings is important. One factor that may cause mice to enter buildings is the 
m odification o f  habitat surrounding peridomestic settings. Livestock grazing is the most 
comm on recurring habitat modification by hum ans in M ontana. Anthropogenic external 
habitat m odification may force mice into buildings.
Small mammal populations and com m unities can be directly and indirectly 
affected by large grazers (Hayward et al. 1997). Tram pling o f  burrows, com pacting soil, 
and com petition for food resources are direct effects o f  grazing, while altering vegetation 
structure that then influences habitat selection by small m ammals is an indirect effect. 
Significant changes in the nutritional dynamics and physical structure o f  vegetation have 
been caused by both bison and cattle grazing (Damhoureyeh and Hartnett 1997). Such
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alterations could potentially cause deer mice to leave their normal habitat and enter 
peridom estic settings.
Although there are no data available on the immediate behavior o f  deer mice as 
grazing occurs, ecological effects on deer mice population abundance have been found.
In high elevation riparian areas containing big sagebrush in northern Nevada and 
southern Idaho, more deer mice were observed in grazed versus ungrazed areas. The 
opposite effect was found in an aspen- and w illow-dom inated study site in Nevada (Clary 
and M edin 1992). In antelope bitterbrush (Purshia tridentate), spotted knapweed 
(Centaurea m aculosa), and cheatgrass (Bromus tectorum) cover types, there was little 
difference in deer mouse abundance between the grazed and ungrazed sites (Oldem eyer 
and Allen-Johnson 1988). Douglass and Frisina (1993) found deer m ouse abundance to 
increase in grazed pastures in a high altitude rest-rotation grazing system in M ontana. 
Hence, previous studies suggest the effect o f grazing on deer m ouse abundance is 
influenced by the dom inant vegetation present at a site.
In an effort to improve our understanding o f  the relationship between 
anthropogenic environm ental changes and human exposure to SNV, the m ovem ent o f 
deer mice into peridom estic settings in response to habitat m odification (grazing) was 
examined. It was hypothesized that grazing in areas around buildings would increase 
deer mice movem ent into those buildings. To test this hypothesis, sim ulated buildings 
that allowed for m onitoring deer mice m ovem ent before, during, and after grazing were 
used. The results from this study will increase our knowledge o f  reservoir host ecology
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in peridom estic settings and host-v irus dynam ics. The long term  goal o f  th is p ro ject is to 
help reduce the risk o f  hum an exposure to rodent borne diseases.
3
M A T E R IA L S  AND M E T H O D S  
Study Site
The study site was located near Gregson, Silver Bow County, M ontana. The 
dom inant vegetation at the study site consists o f  antelope bitterbrush (Purshia tridentate), 
spotted knapweed (Centaurea maculosa), cheatgrass (Bromus tectorum ), and big 
sagebrush (Artemisia tridentate).
Rodent  T r a p p in g  and  Processing
Twelve experimental trials were conducted from April through June 2005; 
October through Novem ber 2005; February 2006; June through August 2007; and May 
through July 2008. Each trial was 9 days long. Deer mice were trapped and m arked three 
days prior to each trial. In each plot, 5 rows o f  25 traps (Sherman non-folding, alum inum  
life traps (8 X 9 X 23 cm, H.B. Sherm an Trap Co., Tallahassee, Florida, USA) with 10 
meter spacing were set and checked each day for three consecutive days. Traps were 
baited with peanut butter and oatmeal and contained polyester bedding. All captured 
anim als were transported to a central location for processing. Species, body mass, sex, 
age, and reproductive condition o f  captured anim als were recorded. Deer mice were ear- 
tagged with monel #1005-1 tags (National Band and Tag Co., New port, Kentucky). PIT 
tags (Passive integrated transponder tags, BioM ark, Inc; Boise, Idaho) were adhered 
directly to the skin between the shoulders o f  each deer mouse. A small patch o f  fur was 
shaved away to secure the PIT tag closer to the animal. The adhesive was then used to 
coat over the PIT tag and glue the surrounding fur over the tag to help with tag retention.
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A hand held reader was used to verify that the PIT tags functioned after attachment. PIT 
tag num bers  were then recorded and individuals were released at the point o f  capture.
E x p e r im e n ta l  Design
The effects o f  hum an habitat modification (horse grazing) on m ouse entries into 
buildings and availability o f  food resources (rolled oats) within buildings w as exam ined 
using a factorial field experiment. For each experimental trial, one treatment (grazing) 
and control (no grazing) plot (0.6 ha) was employed. The treatment plot was surrounded 
by an electrical fence. Within each plot were 2 small structures to sim ulate buildings. 
Each simulated building was 2.44 m  X 1.22 m  X 1.22 m  with a 5 cm diam eter opening  in 
one end. One building in each plot contained approxim ately  1 kg o f  rolled oats. Each 
building was equipped with a passive integrated transponder (PIT) tag transceiver (M odel 
2 0 0 IF, B iomark Inc, Boise, Idaho) linked to an an tenna  located around the building 
opening. T he an tenna  detected pit-tagged deer mice that entered/exited the building. The 
pit tag number, date and time o f  the entrance/exit were recorded in the transceiver. 
M ovem ent into these buildings was monitored for 9 days during  each experim ental trial.
T ransceivers in simulated buildings were activated in the evening  and turned o f f  
every  m orning to conserve electricity. Each transceiver w as pow ered by a 12-volt deep 
cycle battery charged by a solar panel. Transceivers were retrieved from the field in the 
m orning and data from  the previous n ight were dow nloaded onto a desktop com puter.
T w o buildings were placed in the center o f  a control pasture and tw o in the center 
o f  the experim ental pasture. An electrical fence was constructed around treatm ent sites to
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control horses used for grazing treatm ents. B uildings in both the trea tm ent and control 
p lo t w ere m onitored  3 days prior to in troducing the horses (Period 1). S ix horses w ere 
used to graze the trea tm ent sites. Both o f  the plots w ere then m onitored  for 3 days w ith 
the horses in the trea tm ent p lo t (Period 2) and then  m onitored again  for 3 days after the 
horses w ere m oved out (Period 3). T reatm ent pastures had an en tire w in ter and grow ing  
season betw een trials.
D a ta  A na lysis
D ata analyses w ere conducted using  SPSS 15.0 (SPSS Inc. C hicago , IL). The 
num ber o f  m ice en tering  build ings and the num ber o f  entries w ere calcu lated  for Period 1 
(P re-treatm ent), Period 2 (T reatm ent), and Period 3 (P ost-treatm ent) for each  trial and 
also across all trials. A  repeated  m easures m odel, w ith  “T im ing" as the repeated  
m easure, w as used to test the effects o f  grazing  by horses and food ava ilab ility  in 
bu ild ings on the num ber o f  individual m ice en tering  sim ulated  build ings. “T im ing" 
referred  to Periods 1, 2, and 3.
It w as logistically  d ifficu lt to replicate this experim ent in space due to the large
area necessary  to conduct a spatially  replicated  experim ent, a lim ited  supply  o f  horses,
and the hom e range size o f  deer m ice [which w ould  require spatial rep lication  over a
large area to ensure independence o f  replicates (D ouglass 1989)]. Therefore, this
experim en t w as replicated  by perfo rm ing  m ultip le (n=12) experim ental trials. T he
location o f  grazed and ungrazed treatm ents (contain ing  tw o bu ild ings each, one w ith  food
and one w ithout) betw een trials w as random ized am ong a set o f  pastures w ith in  a single
ranch. A ccord ing ly , the 12 experim ental trials w ere conducted  over a re la tively  long
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temporal period (April 2005 to July 2008) to enhance the independence o f  observations 
(i.e. reduce the probability that individual mice w ould  becom e habituated to the 
experiment). Grazed pastures were used only once per growing season.
To exam ine w hether individuals o f  one sex were m ore likely to enter buildings, a 
z-test was used assum ing equal probability.
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RESULTS
A total o f  69 individual mice entered the buildings across all trials and plots, with 
63 individual mice entering the buildings during Period 1, 42 during Period 2, and 32 
during Period 3. Som e individual mice were recorded during multiple periods and were 
included in the num ber o f  individuals per period. In the control plot across all trials, 43 
individuals entered buildings, with 39 mice entering the buildings during  Period 1, 24 
during Period 2, and 18 during Period 3. In the treatment plot, a total o f  26 individual 
m ice were recorded entering buildings with 24 individuals entering during Period 1 , 18 
during Period 2, and 14 during Period 3. Out o f  69 total individual mice recorded 
entering the buildings, only 4  individuals were present on all 9 days o f  a given trial. O f  
the 174 deer m ice fitted with a PIT tag, 69 (39.7%) entered the buildings at least once.
Regardless o f  treatment (grazing or food), the average num ber o f  mice to en ter  the 
build ings was greatest during Period 1 (Pre-treatment), fewer during  Period 2 
(Treatm ent), and least during  Period 3 (Post-treatment) (p=.087, Table  1, Figure 1). With 
a p-value o f  0.087, there is a suggestion that there were d ifferences in m ean  num ber o f  
m ice entering buildings due to grazing. A higher num ber o f  m ice were entering buildings 
in the control plot (Figure 2) suggesting that the horses were inhibiting the mice from 
entering buildings in the treatment plot. N o  significant effects o f  food on the n u m b er  o f  
m ice entering buildings were found (Table 1). There w as no significant tw o- or three- 
w ay interaction between Timing, Food or G razing (Table 1). T im ing  did have a 
significant effect on activity into the buildings by the deer mice (p<.0001. Table  1, Figure 
2); there w as a tendency  for m ore m ice to enter buildings during Period 1, Pre-treatment.
N u m b e r s  of  M al es  a n d  Fem ales  E n t e r i n g  Bui ld ings
O f  the total 69 individual deer mice recorded, 32 (46.4%) were females and 37 
(53.6% ) were males. There were no differences in the numbers o f  males and females 
entering buildings across the treatments or timings. However, upon further analysis o f  
the total com bined num ber o f  individual mice, there was a significant difference 
(p=0.0351. Table 2). M ore individual females entered the buildings during  Period 3 than 
individual males. Ten o f  37 male deer m ice accounted for 4,110 (85.5% ) m ovem ents  and 
16 o f  32 female deer mice accounted for 6,937 (94.8%) m ovem ents  (Table 4). On the 
control pastures, m ore individual males entered than females during  Periods 1 and 2 and 
m ore individual females entered buildings than males during Period 3. On the treatment 
pastures, more individual males entered than females during Period 1, and m ore 
individual females entered the buildings than males during Periods 2 and 3 (Table 3).
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T ab le  1. Results from repeated measures model using tim ing as the repeated measure 
and assessing the effects o f grazing by horses and food availability in buildings on the 
num ber o f  individual mice entering.
Df F P
Tim ing 2 12.727 <0.001
Tim ing * G raz ing 2 2.508 0.087
Tim ing * Food 2 0.006 0.994
Tim ing * G raz ing  * Food 2 0.017 0.984
E r ro r 88
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Tabic 2. Comparison o f  the number o f  males and females entering buildings during 
Period 1, 2, and 3. Z-test, assuming equal probability o f  each sex entering building, is 
included.
Observed Female Observed M ale Expected Z Test df P
Control Mice
Period 1 18 20 19 0.3243 1 0.3745
Period 2 11 15 13 0.7839 1 0.2217
Period 3 10 9 9.5 0.2293 1 0.4123
Treatm ent
Mice
Period 1 9 12 10.5 0.6544 1 0.2578
Period 2 9 5 7 1.0777 1 0.1423
Period 3 6 4 5 0.6329 1 0.2643
Total Mice
Period 1 44 53 48.5 0.8159 1 0.1841
Period 2 31 28 29.5 0.6480 1 0.3520
Period 3 28 16 22 1.803 1 0.0351
Control Mice  
M ovem ents
Period 1 2269 1084
Period 2 1523 979
Period 3 1148 918
Treatm ent
Mice
M ovem ents
Period 1 1094 1207
Period 2 976 492
Period 3 445 137
Total Mice  
M ovem ents
Period 1 3389 2265 *E xpected values, z te s t values, degrees o f
Period 2 2433 1471
fre e d o m , and P values canno t be ca lcu la ted  fo r
Period 3 1593 1055 n o t independen t.
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Table 3. Number o f  females and males that entered buildings during Periods 1, 2, and 3 
for the control and treatment, as well as combined.
Fem ales Males
C ontrol Mice
Period 1 18 20
Period 2 11 15
Period 3 10 9
Total 21 22
N um ber o f 
Individuals 
Observed 43
Treatm ent
Mice
Period 1 9 12
Period 2 9 5
Period 3 6 4
Total 11 15
N um ber of 
Individuals 
Observed 26
C om bined
Mice 32 37
N um ber of 
Individuals 
Observed 69
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T a b le  4. Number o f individual females and males that accounted for a large amount o f 
movments for Periods 1, 2, and 3 on the control and treatment sites.
N um ber of
Individual
Fem ales
Fem ale
M ovem ents
Percent of
M ovem ents
(%)
Num ber
of
Individual
Males
Male
M ovem ents
Percent of 
M ovem ents  
(% )
Control
Mice
M ovem ents
Period 1 7 2,074 91.4 3 737 68.0
Period 2 8 3,435 94.2 4 873 89.2
Period 3 5 858 74.7 5 887 96.6
Treatm ent
Mice
M ovem ents
Period 1 1 622 56.9 1 749 62.1
Period 2 3 830 85.0 3 298 60.6
Period 3 5 430 96.6 2 126 92.0
C om bined
Mice
M ovem ents 16 6,937 94.8 10 4,110 85.5
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Figure 1. Combined (contro l and treatment pastures) mean (±  SEM ) number o f  unique 
ind iv idua l m ice to enter build ings fo r three days during Period 1, Period 2, and Period 3.
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Figure 2. Mean (± SEM) number o f  unique individual mice in control and treatment 
pastures to enter buildings during Period 1. Period 2, and Period 3.
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DISCUSSION
Changes in land use and agriculture may provide opportunities for increased 
transmission o f  infectious diseases (W oolhouse and Gowtage-Sequeria 2005). 
Furthermore, hum an population increases can cause habitat disturbances that are likely to 
promote the spread o f  emerging infectious diseases. Ecological and environmental 
changes due to changing land use practices can increase contact with zoonotic hosts, their 
ectoparasites, and the diseases they carry. Rodent hosts, such as deer mice (Peromyscus 
maniculatus), are reservoirs for many infectious diseases, including Hantaviruses (Morse 
1995). Humans may come into contact with deer mice in peridom estic settings, which 
include areas in or around buildings or structures. However, the association between deer 
mice in peridomestic and sylvan settings is not well understood (Kuenzi et al. 2001).
Research on the effects o f  livestock grazing on deer mouse ecology has yielded 
various results for different vegetation types (Clary and M edin 1992, M edin and Clary 
1989, Oldemeyer and Allen-Johnson 1988). Deer mice exist in a wide variety o f  habitat 
types including tem perate, tropical, and boreal (King 1968). W ithin these different 
habitat types, population dynamics, reproductive success, overall abundance, and 
dispersal behaviors o f  deer mouse populations are constantly fluctuating (Krebs 1996; 
Lidicker 1975). Gaining an understanding o f factors that affect these fluctuations on a 
reservoir host species may aid in efforts to develop techniques to reduce hum an exposure 
to SNV.
M ovement data from this study are consistent with Oldem eyer and A llen-Johnson 
(1988), who found little or no difference in deer mice abundance between grazed and
14
ungrazed sites with dom inant vegetation types o f  spotted knapw eed, antelope bitterbrush, 
and cheatgrass. Data indicated, that on average, fewer mice entered peridom estic  settings 
over time through each experimental replicate. This effect was m ost ev ident in the 
control treatment o f  the study where there was no horse grazing, suggesting that the 
longer m ice had access to buildings, the less the mice were “ inclined" to enter them. 
Fewer mice m ay have entered over the duration o f  treatments possibly because after 
initial investigations, they found the simulated buildings unsuitable or they m ay have left 
the area entirely. U pon initial analysis, deer mice appeared to select for build ings with 
food in each site. However, while house mice will enter peridomestic settings to obtain 
food (Vantassel et al. 2005), we found no effect o f  food on the num ber o f  m ice entering 
the sim ulated buildings. T he buildings used in this study were not structurally com plex, 
so they m ay not provide a realistic simulation o f  a peridomestic setting.
W hile no significant difference was found betw een the num ber o f  fem ales and
males entering the buildings for the control and treatment sites, com bined  there w as a
significant difference between the num ber o f  fem ales and males that entered buildings
during Period 3. During Period 3, m ore individual females entered build ings than
individual males. W hile no difference was found for the num ber o f  female and male
m ovem ents  before treatment, a difference was found between the num ber o f  female and
m ale m ovem ents  during  Periods 1, 2, and 3 on the treatment pasture. M ales  w ere  m ore
likely to enter the buildings during Period 1 (Table 2). Previous research has show n that
adult males are the m ost likely to becom e infected with SNV (D ouglass et al. 2007) as
well as to disperse (Lonner et al. 2009). I f  males are m ore likely to enter peridom estic
systems upon sylvan disturbance than females, grazing could create m ore  chances  for
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hum an infection. Fem ales w ere m ore likely to en ter the buildings during P eriods 2 and 3. 
Fem ale en try  into buildings could depend on w hether the fem ales had offspring.
Possibly, fem ales w ith offspring w ere less likely to en ter bu ild ings i f  doing so required  
them  to leave their o ffspring w hen habitat d isturbance w as occurring.
It is possible that the results from  this study w ere influenced by pseudoreplication  
(H urlbert 1984). H urlbert defined pseudoreplication  as “ the use o f  in feren tial statistics to 
test for treatm ent effects w ith data from  experim ents w here e ither treatm ents are not 
replicated (though sam ples m ay be) o r replicates are not statistically  independent."  
H ow ever, we m inim ized the effects o f  pseudoreplication  by random izing  field locations 
and house positions. I acknow ledge that these experim ents w e ren 't rep licab le in space 
bu t ra ther over tim e. In order to ensure independence o f  replicates, a larger area, and 
perhaps a longer tim e period w ould be necessary  to m inim ize the num ber o f  deer m ice 
seen from  one experim ental trial to the next. T his is due to the hom e range size o f  deer 
m ice. W hile the effects o f  pseudoreplication w ere m inim ized , m ice w ere seen from  one 
experim ent to the next.
N o sign ifican t d ifferences in deer m ouse m ovem ent into sim ulated  build ings
betw een  grazed and ungrazed pastures w ere observed. G iven the broad ecological
am plitude o f  deer m ice and the tendency  for their populations to respond positive ly  to
grazing, this is not surprising. Flow ever, there w as a trend for m ice to en ter the
build ings m ore frequently  in the control areas. It is possib le that deer m ice m ay have
been using  a new  resource (e.g., seed in horse m anure) o r the m ice hesitated  to m ove
across open areas. Inform ation on factors that d raw  m ice into build ings as w ell as the
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